Open source projects are an interesting source for software engineering education and research. By participating in open source projects students can improve their programming and design capabilities. By reflecting on own participation by means of an established research method and plan, master's students can in addition contribute to increase knowledge concerning research questions. In this work we report on a concrete study in the context of the Netbeans open source project. The research method used is a modification of action research.
Introduction
Open source software (OSS) has shaped software engineering education programs over the past decade [9] . OSS development poses serious challenges not only to the commercial software industry, but also to academic institutions that educate software engineers. Motivated by their passion for programming, some of our students love participating in OSS projects; some have even been participating in OSS projects for years.
With increased focus on adoption and use of OSS, the Norwegian industry and public sector is looking for software engineers with OSS skills and knowledge. "Highly qualified personnel are the principal product of universities, and play a major role in developing absorptive capacities in firms" [3] . We therefore see it as our role to develop educational programmes to make software engineering students acquainted with the theoretical aspects of OSS development, as well as with the technical and social skills to participate in OSS projects. This way, we are feeding back OSS v.2 engineers [6] .
For students OSS is an arena for learning, and the industry needs software engineers acquainted with the theoretical and practical aspects of OSS development. Our research question is therefore: How can we make use of OSS communities for formal education purposes? How do we, as software engineering teachers and researchers, tackle this challenge so that we provide a sound and motivating environment for software engineering education?
We have developed an approach for teaching master level students by using principles from action research [2] for organizing OSS education. We design assignments for master level students, who have to act as both developers and researchers in OSS projects. As developers they have to participate in a given OSS project. As researcher, the student has to define one or several research questions based on the existing literature on OSS development, to be addressed by participating in an OSS project.
We have been running these kinds of projects since 2002 and all the reports are available online [4] . In this paper, we report from one such project. We will present a case that will provide the choice of the project, the research questions and the answers we found to them. More important, we will summarize lessons learned from combining an education and empirical approach to OSS research. We discuss how the choice of the research questions, the research methods, the literature, and the choice of the OSS project are dependent on each other.
Evaluation of education results is always a challenge, especially when there is no baseline to compare to. It is always difficult for the student to have a double set of goals in mind. The first set of goals are related to participation (understanding the code, understanding the dynamics in the community, finding a way to contribute). The second set of goals are related to observation and research. Some students have never participated in a research project before and they struggle to understand the connection between their research questions and the actual learning process. The research results, which are a secondary product of the student projects, could be of interests to the educational community if we manage to aggregate them in a consolidate framework.
The structure of this paper is as follows: Section 2 provides the foundations of this work at the intersection between software engineering education and empirical software engineering. Section 3 presents our case and Section 4 provides discussion and our conclusions.
Context

Empirical software engineering education
We teach a five year Master of Technology program in computer science at IDI 1 , NTNU 2 . For the past 30 years, an important part of this graduate program has been to offer students realistic and industry-relevant software engineering projects in close collaboration with the Norwegian software industry [7] .
There is an increased use of OSS in Norwegian software companies, and some companies even participate in OSS projects. We therefore see the need for educating students with the knowledge and skills to participate in such projects. This way the industry can give back to OSS communities. To this end we provide project assignment for our master students to participate in an OSS projec in their fifth, and final, year. The main constraint and source of feedback, in addition to teacher supervision, is the interaction with this OSS project. The students may influence what kind of technology to work with. The goals of the project include defining relevant research questions, the study of existing literature on OSS development, selecting an OSS project based on characteristics defined by the student, and to participate actively in this project. Students admitted to these projects must attend two supporting courses with exams.
Research-based education
At IDI we have a tradition for combining software engineering research and education in various forms. On the one hand we have been designing and running experiments where students act as subjects. On the other hand, our best master students have been given the chance to work as junior researchers in our research projects [1] .
In the approach for teaching OSS to master level students we report on in this paper, we combine these two perspectives. Students are subjects of the investigation by participating in the OSS project under study. Students are researchers, too, as we formulate project assignments so that the student together with the supervisor and other senior researchers contribute to the definition of research questions, data collection and analysis. This can be understood as a form of action research (AR) [2] .
AR is a research method that may be well suited for empirical research in the context of education. It originates from the social sciences, and is used for learning from experience by intervening into various systems. One orientation of AR is Canonical Action Research (CAR), proposed by Davison et al. [2] . 1 The Department of Computer and Information Science 2 The Norwegian University of Science and Technology CAR is an iterative process consisting of two main components: carefully planned and executed cycles of activities, and a continuous process of problem diagnosis. This has the dual function of improving practice in an organization through a change process, while also contributing to knowledge about the object of the study.
The case
In this section we present an example from one student study. This study was based on an assignment designed according to the principles laid out above. The study is available at [4] . The assignment did not constrain the research questions asked by the student. The only constraint was that AR should be used as methodology for the study. In what follows, we first present the canonical description of each phase in the research project, followed by a presentation of how this step was performed in the study we report from.
Diagnosis
This phase involves the researcher diagnosing the organizational situation from the information that is available. The objectives of the CAR project will control what is studied here, along with experiences from previous CAR iterations. Goals of the diagnosis phase include determining causes of a problem, and study the environment in order to allow proper actions to be planned.
The assignment was for the student to participate in and contribute to OSS development in order to better understand how firms can benefit from using OSS. The goal was to determine the effects of using formal techniques in OSS projects, like explicit planning, ownership, inspection and testing in OSS projects, as they occur in commercially controlled OSS projects. Through the study, it was intended to see if the commercial use of OSS leads to a more manageable process.
The research goal and hypotheses were created from a literature survey that was done in the first two months of the project.
Research questions
Two research questions were formed:
Q1: Are developers who are not directly hired by the controlling organization able to affect the decision processes? The rationale for this research question was to uncover how commercially operated OSS projects view volunteer developers. In case of any confusion of roles, especially with regard to paid vs. non-paid developers, the use of OSS may be less suitable. For OSS projects where decisions are not multilateral, participants may feel there are conflicts in the community, as described in [8] .
Project selection
As the number of potential OSS projects to choose from is large, project selection was initiated to find a project that suited the study well. Project selection and research questions are related, as the studied artifact must be suitable for the research goal. OSS communities have widely different differing characteristics; they vary in size, have different goals, and may have reached different levels of maturity. As the project aimed at investigating commercial ties in OSS development, the selection process aimed to identifying a project where this connection was clear.
After compiling a list of known OSS projects, each project was evaluated according to the following criteria:
• Should consist of 10-50 active developers
• Community allows entrance in a supporting role
• Formal techniques (project planning, etc.) are used in the OSS development
• Implementation is done in either Java or C++, to which the researcher is acquainted.
• Available public mailing lists, chat, and bug tracking.
• Software has general usefulness for researcher Based on this evaluation, the student chosen the Netbeans project.
Planning
In CAR, the planning phase should generate a course of action for collecting data. The planned actions should be generated to manipulate the object in order to better understand it.
A data collection strategy was developed during the initial planning phase of the student project. With qualitative data analysis, the goal was to capture as much interaction with other people as possible, thoughts and opinions during the project. The following elements were emphasized in the plan:
1. Identities and roles of people that participate in these discussions.
2. The process which is used for accepting or discussing contributions, and how decisions for inclusion of are made.
3. Communication around changes will be useful for later analysis, to see how decision-making is done.
4. Information about how a contribution fits into schedules and personnel allocation is interesting.
Intervention
In CAR, intervening in an organization requires that a plan for collecting data is present. Proper data collection techniques should be applied before, during, and after the intervention.
The study was executed with two iterations of AR. The researcher started with little knowledge of the decision processes in the Netbeans project. A meritocratic leadership was assumed to exist in addition to the maintainer organization's influence on the product. Actions that were planned for the first iteration included finding open bugs, making significant changes in order to fix the issue, and following through the inclusion of the change into the main version.
Finding issues that were easy to work with was harder than expected. A total of three bugs were addressed in this phase, but with regard to the number of code lines the contribution was very small.
From the interactions in this process, Netbeans was found not to significantly differ from meritocratic hierarchies in other OSS communities. However, one surprising discovery was that most contributors seemed to be employees of the maintainer organization.
Evaluation
In CAR, results from the intervention phase should be analyzed in the context of the current understanding of the problem and the goals of the research.
Data analysis was performed according to a pre-defined plan that involved considering the observations in context of theory. Davison et al. state that theory provides a basis for delineating the scope of data collection and analysis [2] . Assessing findings in a broader context also increases confidence in the results.
Tangible results that were found from the project included findings in the Netbeans community that there may be problems in attracting a large volunteer work force. However, the Netbeans project does implement the OSS model well, and values all outside contribution. Further investigation will be needed to see if these tendencies are universal to other OSS projects where commercial organizations are maintainers.
The planned time schedule was found to be unproblematic. However, it would be preferable to have more time for participating in the project. Joining an OSS project, getting familiarized with the project artifacts, while also contributing to it, takes considerable effort.
Reflection
Reflecting is the last phase of CAR, in which the researcher reflects on the results of an iteration can determine whether additional iterations are necessary, or the lessons learned can be used to further refine research questions. If the goals of the project have been accomplished, then it could be decided to terminate further investigation.
Actions for the second iteration would focus on participating to one module within Netbeans, and looking closer at the artifacts surrounding it. The "JavaCVS" module was selected. Only one bug lead to a successful resolution during this iteration, which incidentally was unrelated to the JavaCVS module. Lessons learned during this supported the notion that few participants outside of Netbeans were active.
After this iteration, the action research cycle was ended, as the time constraints were exhausted, and sufficient information to discuss research questions had been collected.
In retrospect, there are many ways in which participation to OSS for education can be made smoother. First, focusing on OSS as a social discipline can help the researcher to get access to the project artifacts, and contribute to valuable knowledge both about culture and product. By applying action research, the researcher should go to length to collaborate with other people during the project execution, for instance through discussing ideas and technical solutions in mailing lists or newsgroups.
Second, a good recommendation is to focus research on one restricted domain, like a particular module or functional area. While this was not extensively practiced in this case, it is beneficial to commit to one particular role in order to get a more likely "open source situation".
Netbeans is evaluated to be a good choice as it is maintained by a larger software company, Sun Microsystems, that also invests significant resources to sustain it. Netbeans is a development tool that is used to aid in the development of Java-based applications.
Experience from the project, however, show that the project selection criteria may not have been optimal. The following was noted after the completion of the project:
Maturity: Selecting an OSS project that has a low level of maturity may have the disadvantage of being significantly different from an ideally run OSS project. However, if an OSS project is mature, well-tested, and close to a release, much of the remaining tasks will be polish. If the goal of the project is to contribute to an OSS project, the researcher should at least be aware of possible difficulties. In this case with Netbeans, contributing to it was difficult due to the difficulty of understanding complex bug reports.
Size of project: Larger OSS projects may suffer from awareness problems. Entering an open source project consisting of thousands of source files requires either excellent skill, or good documentation.
Discussion and conclusions
The final goal of this work is providing guidelines on how to exploit open source software for education and empirical purposes. At the time of writing we can provide several examples of projects that exploit open source software for education and empirical purposes, all available at sumaster.
There are four main axes around which to organize an evaluation of our goal:
1. Research questions: Working on the research questions is a time-consuming task that required a good understanding of the domain. Here there is a tradeoff between learning and research issues. While students appreciate the freedom of the assignment as a positive learning experience, it is more effective from a research perspective to provide students with predefined research questions. These can be taken from related literature or from previous research projects the teacher/researcher has been working with. There is a relationship between research questions and projects. For example in the case reported in this paper, the research questions are about the interaction between professionals and volunteers in the OSS projects and this makes it necessary to select a project in which commercial actors play a significant role. From the point of view of the industrial professional who evaluated our work and also from discussions with other researchers, it was found that it is better not let students to choose research questions.
2. Research methods: Action research has worked well to balance student's learning, and the output of the study. A deep understanding of the problem itself is not necessary before intervention in projects.
The effort necessary to contribute to an open source project should not be underestimated. A common problem for both projects, was that the students started with too ambitious goals, and therefore may have run into some difficulties.
The different iterations used by the researcher to evaluate the problem may take considerable time and energy. The effect of this, is that learning about open source development in general, will be a continuous process throughout the entire intervention period.
For the sake of presentation and discussion we have presented our case according to the five phases in action research (diagnosis, planning, intervention, evaluation, and reflection). We are still discussing how the different phases overlap with each other. Take for example the project selection phase which we regard as a sub-phase of diagnosis. In other action research projects, the choice of the projects to work with may happen before the whole research process is started. The same is valid for research questions (or goals) which can be less open to be decided inside the AR cycle than in our case. Evaluation and reflection are two related phases that could be merged together.
Literature:
The open source literature is crossdisciplinary and this influenced the choice of the research questions which in turn influenced the size and the nature of the project.
A literature review must be performed to update the content of the supporting course and provide a theoretical background that reflects the evolution of the OSS research field. This is an ambitious task as OSS research efforts have been published in the main software engineering conferences and journals in the last few years. There is also an increasing number of books on this subject that have been published in the last couple of years. This makes the task of maintaining a map of open source literature a challenging one.
4.
Choice of the open source project: In communicating with OSS projects, problems in the last project included entry difficulties and problems handling the size of the project. The technical competence needed to contribute was here higher than anticipated. More participation in mailing lists and newsgroups may have been helpful to react to this problem.
Guidelines for using OSS in education should stress that it is a social and complex discipline. Learning both empirical methods and getting an introduction to the open source is difficult. As mentioned, we have an ongoing project that is run according to the same principles in the case reported here and we plan to propose the same kind of projects, both 500 hour and 1000 hour projects in the next academic year.
Concerning the research method, we are satisfied with the use of action research and we believe that this paper is a valuable description of how to use this method. Concerning the research questions, there will always be a phase in which the student and the supervising researcher select new ones starting from consolidated questions in the general literature or provided by this family of projects. The choice of the open source project is an interesting topic of discussion. While it is in the interest of the teacher/research to decide the project in which the student work, we have to keep in mind that one of the principles of OSS participation is motivation and interest. Students choosing such assignments are do so for the love of participating in OSS projects. By letting the student participate in this project, the teacher/researcher could get valuable insights in the specific project.
The perspectives of the industry here is similar to that of the researcher in that industrial actors are naturally interested in letting students work on the OSS projects they support to increase activities in these projects. By replicating these kinds of projects we aim to develop a characterization of both OSS projects and research issues.
